THE LAST DECADE has seen an increasing growth of interest in studies of the spatial structure of the diffusion process. The pioneering work of Professor Torsten H~igerstrand of the Royal University of Lund (Sweden) provided much of the original stimulus for research in this area, and his continuing research on Monte Carlo models for the stimulation of the diffusion process has provided the basic framework within which most subsequent studies have operated. 1 Among the most basic assumptions of H~igerstrand's simulation models are those which pertain to the manner in which information about the innovation is transferred from one person to another within the spatial system. The present study represents an attempt to perform some preliminary checks on the validity of the surrogate measurement techniques which have been used by H~igerstrand, and others, to generate the simulation inputs dealing with information transfer in the system. Basically, H~igerstrand assumes that information about the innovation is spread only by telling (oral communication) at pairwise meetings of persons, and that the probability of being paired with a carrier of information about the innovation depends upon the geographical distance between the teller and the receiver in a way which may be determined by empirical estimate? The first assumption, relating to the means by which the information transfer takes place, is well in line with the results of studies which have been undertaken by research workers in the fields of rural sociology and mass communications. The importance of person-to-person contacts has been pointed out in numerous studies which have investigated the factors influencing the adoption of innovations from a non-spatial standpoint. 8 One author (Rodgers) feels that the impersonal information sources (e.g., mass media) are most important at the awareness stage, and that personal sources are more important at the evaluation stage in the adoption process 4. Katz has also stressed the growing realization, on the part of persons studying the role of mass media in our society, that person-to-person contacts retain a high level of significance in the transfer of information even when the society involved may be nearly saturated
THE LAST DECADE has seen an increasing growth of interest in studies of the spatial structure of the diffusion process. The pioneering work of Professor Torsten H~igerstrand of the Royal University of Lund (Sweden) provided much of the original stimulus for research in this area, and his continuing research on Monte Carlo models for the stimulation of the diffusion process has provided the basic framework within which most subsequent studies have operated. 1 Among the most basic assumptions of H~igerstrand's simulation models are those which pertain to the manner in which information about the innovation is transferred from one person to another within the spatial system. The present study represents an attempt to perform some preliminary checks on the validity of the surrogate measurement techniques which have been used by H~igerstrand, and others, to generate the simulation inputs dealing with information transfer in the system. Basically, H~igerstrand assumes that information about the innovation is spread only by telling (oral communication) at pairwise meetings of persons, and that the probability of being paired with a carrier of information about the innovation depends upon the geographical distance between the teller and the receiver in a way which may be determined by empirical estimate? The first assumption, relating to the means by which the information transfer takes place, is well in line with the results of studies which have been undertaken by research workers in the fields of rural sociology and mass communications. The importance of person-to-person contacts has been pointed out in numerous studies which have investigated the factors influencing the adoption of innovations from a non-spatial standpoint. 8 One author (Rodgers) feels that the impersonal information sources (e.g., mass media) are most important at the awareness stage, and that personal sources are more important at the evaluation stage in the adoption process 4. Katz has also stressed the growing realization, on the part of persons studying the role of mass media in our society, that person-to-person contacts retain a high level of significance in the transfer of information even when the society involved may be nearly saturated by the various mass media. 5 In so far as H~igerstrand's simulation models are concerned, the second assumption (dealing with the relationship of geographical distance of frequency of contact) is operationally defined via the concept of the Mean Information Field (MIF). The MIF is designed to express the average spatial extent of an individual's short-term (i.e., non-migratory) contacts. The major difficulty which arises in the operational specification of the MIF is that no body of information is available which treats the problem of the spatial structure of non-migratory household contacts in any depth, e While it is generally agreed that the bulk of such contacts tend to occur at quite short distances, researchers who need to develop a MIF for a specific research situation have been forced to fall back upon one of several classes of information which appear to provide likely surrogates for the measurement of direct personal contacts in space. H~igerstrand, for instance, based the development of his MIF's largely upon local migration data. This type of information is quite readily available in Sweden and he concluded that it would provide a valid surrogate for the desired personal contact field since several recent studies of migration fields have stressed the close relationship which exists between the spatial extent of the migration field and the web of social contacts. 7 Other researchers have made use of MIF's derived from marriage distances (that is, the distance between the residences of the bride and groom prior to their marriage) since information on this surrogate is more readily available in some areas, and its links with the pattern of social contacts in space are perhaps somewhat more appealing on an intuitive basis. 8
Whichever surrogate is utilized, the MIF is generated in a rather straightforward fashion. From mapped raw data on, say, local migration movements, a chart is constructed showing the point of origin (which is always at the center of the coordinate system) and the point of termination of each movement. A series of rings is then drawn about the center of the coordinate system and the number of points of termination in each ring is tabulated. This produces a body of directionally smoothed information of the type displayed in Table I . A Pareto curve of the general form Y=aD -b is then fitted to the tabulated information by least-squares techniques. For the information presented in Table I Table II .) When these figures are converted to probabilities, by dividing each cell entry by the sum of all cell entries, the expected migration field becomes the mean information field for the diffusion model (see Table III ). The manner in which this information is subsequently utilized in the simulation model has been described in some detail by H~igerstrand and others and The entries in each cell denote the probability of a receiver in that cell coming in contact with a carrier of information who is assumed to originate in the center cell. Cells are 5><5 km.
teristics of an actual personal contact field and how well do the various surrogates represent it? The generation of an empirically based personal contact field would require the collection of detailed information on all movements and contacts of a fairly large group of persons, perhaps over a period of several days or even weeks. The information on interzonal transfers collected by the major urban transportation studies appears at first glance to provide a potential body of data for such investigations, but a closer examination reveals certain differences in definition of trips, etc., which would effectively prevent the use of this information. However, in 1949 a private research group (the Traffic Audit Bureau) undertook a study of the movement patterns of a sample of households in and around Cedar Rapids, lowa. All members of the sample households who were ten years of age and older were paid to keep travel diaries which recorded routes, times, location of stops, etc., for all trips made by all modes during the thirty day study period. 1~ While certain biases appear to exist in this body of data (e.g., visits to gas stations and certain other specialized retail facilities appear to be underreported) it seems to be the only existing body of information which could be used to develop a personal contact field. The Cedar Rapids travel information is currently being prepared for analysis by the staff of the Household Travel Behavior Study, a research operation conducted by the Regional Science Research Institute under the terms of a grant from the National Science Foundation. Card deck five of the HTBS provides, for each trip in the sample, the location of the residence (the point of origin of the trip) and the purpose and location of each stop which was made. '1 The nature of the locational coding on these cards is such that it is fairly easy to calculate the distance and direction of each stop in relation to the location of the residence. A computer program has been developed for the HTBS which accepts deck five cards as input and produces tabulations of the number of contacts which occur in each cell of a system of 15 ~ sectors and 0.1 mile rings centered on the residence location. 12 When deck five is completely punched, it will provide a record of the location of all visits made within the thirty day period by the members of some 250 households (about 4/5ths of which are located 'within the Cedar RapidsMarion urbanized area). At the present time about one-fourth of the urban households are completely processed; a number which appears to be sufficient for the production of some provisional figures. Table IV presents The mean distance of the sample households from the Cedar Rapids CBD was 1.35 miles. .0149
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reported figure for Asby was, as mentioned previously Y=6.26D -1"58~. The expected contact grid and the mean information field derived from the Cedar Rapids data are displayed in Tables V and VI respectively. An examination .0181
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Note: This field is derived from marriage distance information and was communicated to the authors by Professor Forrest R. Pitts of the University of Oregon. Cells are 5• kin.
of the Cedar Rapids and Ashy results (as well as those reported by Pitts in Japan--see Table VII ) clearly reveals that the majority of personal contacts do indeed occur at very short distances, but that apparently the MIF derived from the Cedar Rapids contact data exhibits a much faster rate of decay With increasing distance. It should be clearly recognized however that both the Asby and Kagawa MIF's were derived from surrogate measures and in areas which are rural and semi-rural in nature. Cedar Rapids, on the other hand, is an example of a medium-sized American city, and most of the observed contacts took place well within the limits of the built-up area. One possible explanation for the differences in decay rates (other explanations might be based upon supposed differences in transport technology, cultural bias, etc.) may be found in a series of central place studies which were recently conducted in this country by Dr. Brian J.L. Berry of the University of Chicago3 * These studies have clearly demonstrated that a strong tendency toward the diminution of what we might call "mean contact distance" develops as the gross population density of the area increases. Following this notion through, we might then expect to find that the mean information field in Cedar Rapids (a relatively high density area via-a-vis Asby and Kagawa) is steeper than in the two rural areas. This indeed is what was observed, but the situation would be still further clarified if some firm notion were available of the type of mean information field that would be generated in an urban area through the use of one of the various surrogate measures. Ideally, a MIF for Cedar Rpaids could be obtained through the use of any one of the surrogate measures, but on a practical basis it appears that only marriage distances will be available without the expenditure of excessive amounts of time and resources. It is indeed frustrating that ruling of the Iowa Division of Vital Statistics has prevented our making use of this material at the present time. 15 There are a number of sociological studies of marriage distances in several American cities, but all of those examined to date have reported their distances in terms of city blocks of unknown lengths. 16 This, of course, effectively eliminates them as a possible source of comparative data.
However, Stouffer in his now historic article on intervening opportunities does present some detailed local migration data for twelve "white" census tracts in metropolitan Cleveland, Ohio, for the years 1933-1936.17 (See Table VIII .) Reducing these observations to the standard format set forth by Hfigerstrand produces a summary expression of the form Y=458.7D -2.9, where Y is the expected number of migrating households per square mile and D is the dis. tance in miles from the original residence location. The expected migration field and the associated mean information field are displayed in Tables IX and X. The Cleveland urban MIF represents a much closer approach to the observed direct contact field of Cedar Rapids than either of the two rural fields detailed earlier in this paper. It would, however, be a mistake to conclude at this time that the surrogate measures which have been used elsewhere do in- field, the comparative fields based upon surrogate measures for the same area and time period are currently lacking. The Cleveland data, as well as the results of Berry's studies on the range of a good, do provide some definite encouragement, but a final decision on the validity of the surrogate measures must wait upon a more detailed and comprehensive examination. Difficulties in obtaining access to certain public records has prevented the inclusion of MIF's based upon surrogate measures at this time, but it is believed that this obstacle will be eliminated in the near future. One other interesting feature of the personal contact field was revealed when the directional tabulations were examined. Let us imagine a line drawn from each household to a point in the center of the Cedar Rapids CBD. This line will serve as a basic reference, and in the coordinate system it will be 0% Now if a sector is defined with its origin at the residence location and its two bounds the 330 ~ and 30 ~ lines (with respect to our base line) some interesting deviations appear in the tabulations. The smaller sector, which might be called "CBD oriented" accounts for nearly 60% of the contacts of the average household, while the remaining 40% of the contacts are distributed unevenly throughout the remaining large sector. Very little attention has been given to the examination of the directional structure of urban travel, but the preliminary results reported upon here would certainly seem to indicate that more attention should be given to this topic. 18 The computer simulation models of diffusion utilized by H~gerstrand and Pitts do incorporate some directional distortions, but these are not built into the MIF and are held to be the result of physical barriers which act in such a manner as to hinder communication. One of the first steps in the production of a MIF from one of the various surrogate measures involves the directional smoothing of the data. If the surrogate contacts are found to display as large a degree of directional bias as the direct contact field examined here, it would appear that some major adjustments will have to be made in the internal structure of the current simulation models. With the cooperation of Professor Pitts of the University of Oregon, the Kagawa marriage distance data are currently being analyzed for the presence of directional bias and it is hoped that a report on the results of this investigation will be available in the near future.
